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Abstract
Background: Spatial memory reduction in elderly is predicted to increase up to twice every 20 years. Spinach (Amaranthus hybridus) is widely consumed by Indonesian people and is believed to prevent declined spatial memory function. The aim of this study was to determine the effects of spinach on spatial memory in wistar rat induced by diazepam
Methods: An experimental study was conducted during the period of October to November 2012 in 
Pharmacology and Therapy Laboratory, Faculty of Medicine, Universitas Padjadjaran. Twenty five wistar rats were divided into 5 groups; two groups as controls, and 3 groups were given 100, 200, and 400mg/kg BW ethanolic extract of spinach  (EESL), respectively. On day 7, group 3, 4, and 5 were given 1 mg/kg BW diazepam injection. Morris water maze tests and calculations of escape latency time (ELT) were performed 
on day 7 and 8. Data were analyzed using analysis of variance (ANOVA) and least significance difference (LSD) test.
Results: On day 7, group 2 experienced acceleration in ELT compared to group 4 and group 5. On day 
8, group 2 experienced acceleration in ELT compared to group 3 and  group 4. There was no significant increase in spatial memory in group 5 (EESL 400mg/kg BW) that due to the use of higher dosage does not always show better results.
Conclusions: EESL can prevent impairment of spatial memory with an effective dose of 200 mg/kg BW.
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IntroductionPrevalence of spatial memory dysfunction was predicted to increase at the age of 60.1 The memory dysfunction in elderly is mostly manifested as Alzheimer's disease. Alzheimer's disease is a progressive disorder of memory 
function so that the patient becomes difficult to perform daily routine and has a behavioral change.2 World Health Organization (WHO) predicted that Alzheimer's cases will be double every 20 years, so in 2030 it can reach 65.7 million and reach 115.4 million people in 2050.3Nowadays, the treatment of spatial memory dysfunction is only symptomatic.4 Based on that, prevention is essential. The prevention can be implemented by regular exercise, active mental stimulation, good sleep quality, stress management, active social life and consumption of healthy foods.5 The consumption of foods that is  rich of antioxidants such as strawberry, blueberry, and spinach can inhibit the neurodegenerative 
process.6Spinach (Amaranthus hybridus) is often consumed by Indonesian people because it is 
believed to have many benefits. Many studies have shown that spinach has a neuroprotective effect. However, there is no studies that have 
specifically observed at the effect of ethanolic extract of spinach (Amaranthus hybridus) in maintaining spatial memory function.Diazepam is a Benzodiazepine with anticonvulsant, anxiolytic, sedative, muscle relaxant, and amnesic properties and a long duration of action. Its actions are mediated by enhancement of GAMMA-AMINOBUTYRIC ACID activity. It is used in the treatment of severe anxiety disorders, as a hypnotic in the short-term management of insomnia, as a sedative and premedicant, as an anticonvulsant, and in the management of alcohol withdrawal syndrome (From Martindale, The Extra Pharmacopoeia, 30th ed, p589).7 Like other benzodiazepines, diazepam can impair short-term memory and learn a new information as 
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well as cause anterograde amnesia.8The aim of this study is to determine the effect and effective dose of ethanolic extract of spinach  (Amaranthus hybridus) in preventing spatial memory reduction (by accelerating escape latency time) in white wistar rat induced by diazepam.
MethodsThis was an experimental study conducted during the period of October to November 2012 in Pharmacology and Therapy Laboratory, Faculty of Medicine, Universitas 
Padjadjaran, Bandung, Indonesia. Twenty five wistar rats (200–300 grams, 12–15 week sold, healthy and active) were used in this study with the following procedures: 1) The rats were adaptated for 7 days before treatment (placed in a closed container by wires hole, given appropriate light, standard pellet and water ad libitum) 2) Spinach (Amaranthus 
hybridus) used in this study was identified in the Laboratory of Plant Taxonomy Department of Biological Science Universitas Padjadjaran. Three kg of spinach was heated in the oven into dried simplicia. After that, the maceration was processed by inserting dried simplicia into the macerator and then blended it by 95% ethanol for 3 X 24 hours. The obtained 
aqueous extract was filtered into a pulp reservoir until the aqueous extract become almost colorless. The whole aqueous extracts were concentrated by rotating evaporator to get extract concentrated. Ethanolic extract of spinach  (EESL) was diluted in 1mL of 1% CMC3. After adaptation, rats were divided into 5 groups. Group 1 (negative control) and group 2 (positive control) were given food, water, 
and 1mL of CMC (Carboxymethylcellulose) 1%. Group 3, 4, and 5 were given food, water, and treated with ethanolic extract of spinach (each with the dosage 100, 200, and 400mg/kg BW). All groups were treated for the next 7 consecutive days 4). On day 7, group 2, 3, 4 and 5 were injected by 1 mg/kg/BW diazepam after 90 minutes of the last treatment. Subsequently, groups 2, 3, 4, 5 underwent Morris water maze training session after 40 minutes of diazepam injection. Group 1 which did not receive diazepam injection, underwent the Morris water maze training session after 90 minutes of the last treatment. On day 8, all groups underwent Morris water maze for the second time. The length of ELT was obtained either day 7 or 8 from the Morris water maze test. 5) The escape latency time (ELT) was the time taken in seconds by the rats to swim from starting point to the hidden platform. Maximal time to explore the platform was 2 minutes or 120 seconds. Rats were allowed to explore the platform for additional 20 seconds. The ELT 
recorded on the first day was considered as a training session. Retention of this learned-task (memory) was examined in 24 hours after the 
first day trial (eighth day, 24 hours after the 
last dose). Significant reduction in ELT value of retention indicated improvement in memory.The results of the study were expressed as mean ± standard error of mean (SEM) and were analyzed using analysis of variance (ANOVA) 
followed by post hoc least significance difference (LSD). The p-values<0.05 were 
considered as statistically significant.
ResultsOn day 7, the treatment group given with 
Figure 1 Graphic of ELT on Day7
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ethanolic extract of spinach 100, 200, and 400mg/kg BW showed a better ELT on learning process compared to group 2 (positive control) after injection of diazepam (Figure 1).The p-value in normality test was >0.05 which indicated the normal data distribution. Homogenity test produced p−value 0.197 (p>0.05) which indicated the normal data variance, so then performed ANOVA test. The ANOVA test showed a p−value 0.001 (p<0.05) which indicated that there were 
ELT significantly between the four groups. The group that had the difference of ELT 
significantly with other groups can be 
identified by Post Hoc LSD test (Table 1).The LSD test in group 2 with group 4 and in group 2 with group 5 produced each p−value <0.05. It showed that the ethanolic extract of spinach dose of 200mg/kg BW and 400mg/kg BW had effects in the process of learning by accelerating ELT in rats induced by diazepam (Table 2).On day 8, the treatment groups given ethanolic extract of spinach each 100, 200, and 400mg/kg BW showed a better ELT compared 
to group 2 (positive control). It showed increases on spatial memory in groups 3, 4, and 5 (Figure2).The ANOVA test showed a p-value 0.044 (p<0.05) which indicated that there were 
differences of ELT significantly among the four groups. The group that had the difference 
of ELT significantly with other groups can be 
identified by Post Hoc LSD test (Table 3).The LSD test in group 2 with group 3 and in group 2 with group 4 produced each 
p-value<0.05. It showed that the ethanolic extract of spinach dose of 100mg/kg BW and 200mg/kg BW had an effect on spatial memory by accelerating ELT in rats induced by diazepam.
DiscussionThe results of the study on day 7 and 8 showed that the dosage of EESL 200 mg/kg BW (group 4) has a better result compared to other groups. These results indicate that the ethanolic extract of spinach (Amaranthus hybridus) 
Table 1 ANOVA Test of ELT Comparison (seconds) after Induction of Diazepam in Group 2, 
3, 4, and 5 (Day 7)
Group  Mean (Standard 







value2 88.31 (24.31) 0.8353 65.13 (25.77) 0.524 0.197 0.0014 37.91 (15.51) 0.5575 56.90 (22.34) 0.623Description:Group 1: Rats were  given standard food (pellet) and distilled waterGroup 2: Rats were given standard food (pellet) and distilled water and diazepam injection 1 mg/kg BWGroup 3: Rats were given EESL 100 mg/kg BW and diazepam injection 1 mg/kg BWGroup 4:Rats were given EESL 200 mg/kg BW and diazepam injection 1 mg/kg BWGroup 5:Rats were given EESL 400 mg/kg BW and diazepam injection 1 mg/kg BW
Table 2 LSD Test of ELT Comparison (seconds) in Rats Induced by Diazepam between  
  Positive Control Group and Group Given Ethanolic Extract of Spinach (Day 7)
LSD test p−value InterpretationGroup 2 & 3 0.087 Not SignificantGroup 2 & 4 0.001 SignificantGroup 2 & 5 0.024 SignificantGroup 3 & 4 0.047 SignificantGroup 3 & 5 0.529 Not SignificantGroup 4 & 5 0.155 Not Significant
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dosage of 200mg/kg BW has the effect in preventing impairment of learning process and spatial memory by accelerating escape latency time in rats induced by diazepam.The results showed that the ethanolic extract of spinach  (Amaranthus hybridus) has the effect in preventing the decline in spatial memory by accelerating escape latency time in rats induced by diazepam, presumably because it owns compound of spinach namely 
folicacid, L-tyrosine, flavonoids, polyphenols, and beta-carotene.9,10Kruman11 stated that folate has a 
5−methyltetrahydrofolate compound which provides methyl group to convert 
homocysteine into methionine, assisted by L−methionine synthase enzyme. Homocysteine is a toxic and it can trigger apoptosis of brain cells due to DNA damage.12L-tyrosine compound plays a role in reducing lipid peroxidation and DNA fragmentation thus providing neuroprotective effects.13 Tyrosine provides neuroprotective effect to acute stress by preventing the depletion of neurotransmitters in neurons.14Flavonoids can stop oxidative reactions inducing neuronal damage by inhibiting 
the activation of caspase-3 as its role as an anti-apoptosis.15 Flavonoids synthesize acetylcholine and factors such as brain-derived neurotrophic factor (BDNF) and nerve growth factor (NGF) in the hippocampus and frontal cortex associated with spatial working memory improvement.15 Flavonols epicathec combining physical activity can increase the retention of rats’ spatial memory with a mechanism involving angiogenesis in the hippocampus and increased regulation of genes associated with the learning process in the hippocampus.16Interaction of polyphenols with protein kinases and lipid kinases can activate the extracellular signal-regulated kinase (ERK1/2) signaling pathway and protein kinase B/Akt, leading to activation of cAMP response element-binding  (CREB) protein, a transcription factor that plays a role in increasing the number of neurotrophin expressions to improve memory and cognitive function.16Another study conducted by Grodstein17 proved that beta-carotene functions as an antioxidant that can scavenge free radicals in lipidoxidation nerve cells and produce 
Figure 2 Graphic of ELT on Day 8
Table 3 ANOVA Test of ELT Comparison (seconds) on Spatial Memory in Group 2,  3,  4, and 
  5 (Day 8)
Group Mean (Standard 







value2 17.96 (6.66) 0.3543 10.92 (4.02) 0.610 0.530 0.0444 8.66 (3.04) 0.9545 14.93 (6.06) 0.442
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neuroprotective effects.The treatment group 5 (EESL 400mg/kg 
BW) showed a significant increase in spatial 
memory, but not significant compared to the other treatment groups, due to the use of higher dosage of vegetables does not always show better results than smaller dosage. Smaller dosage can provide more effective results. Possibility that occurs is the biological maximum tolerated dose in the rats.18 Smaller dosages are more effective than larger dosages and how consistency of target plasma level forethanolic extract of spinach based on rat models.19 Effective doses at lower dosage showed no oxicity effects that occur at these levels. Chemical compounds given in small dosage can provide an effective and useful to a tissue or organ. In contrast, inexcessive dosages can give harmful effects on the body.20The study was inhibited by lack of comparison between result on day 7 and day 8. This study concludes that there is an effect of ethanolic extracts of spinach (Amaranthus 
hybridus) in preventing impairment on spatial memory by accelerating ELT in white wistar rats induced by diazepam. The effective dosage of ethanolic extracts of spinach (Amaranthus 
hybridus) in preventing impairment on spatial memory by accelerating ELT in white wistar rats induced by diazepam is 200 mg/kg BW. Advice given for further study should be done to determine the dominan compound of spinach in preventing spatial memory.
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